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A B S T R A C T
The concept of ‘Sustainable Intensification’ (SI) has been promoted as a potential solution to the many contem-
porary challenges facing agriculture, but has also received widespread criticism for being too narrow in scope
and failing to address all aspects of sustainability. Despite this, there are few suggestions in the literature as to
what a holistic, broad-based approach to SI should comprise and what issues and trade-offs are likely to arise in
the adoption and operation of such a broadly-based approach. We report a suit of SI indicators suggested by UK
stakeholders, evaluate the plausibility of these in terms of the commonly established principles of sustainability,
and identify the critical issues that may arise in the adoption and operation of these indicators. The purpose of
this paper is not to recommend a specific blueprint for SI but to raise issues and questions for dialogue amongst
stakeholders. Data were collected via semi-structured interviews with 32 stakeholders from throughout the UK
agrifood system. The data were analysed thematically and organised using a Social-Ecological Systems (SESs)
framework. The interviewees suggested a total of 110 SI indicators, of which the most frequently suggested re-
lated to agricultural production and ecological considerations. There was less emphasis placed on social and cul-
tural dimensions of agricultural systems. A number of the indicators suggested were poorly-defined and it was
difficult to determine what particular aspects of sustainability they addressed. Many potential trade-offs between
the indicators were also evident. The findings raise a number of questions. Is it appropriate to continue referring
to SI as Sustainable Intensification when it fails to give equal consideration to all accepted aspects of sustain-
ability? Would it be more appropriate to refer to the SI concept as ‘Ecological Intensification’? Is a broad-based
and all-encompassing definition of ‘sustainability’ always desirable, or should ‘sustainability’ be considered as
context specific, with the weighting of the different dimensions varying according to operational circumstances?
We argue that these questions need to be resolved through stakeholder dialogues in order for the concept of SI
to become more widely accepted and implementable in practice.
1. Introduction
Contemporary agriculture is facing multiple, competing expecta-
tions. On the one hand, it is expected to produce more for a growing
global population amidst increasingly scarce natural resources and the
challenges of climate change (Beddington, 2009; Godfray et al., 2010;
Hunter et al., 2017). On the other hand, it must also be more sustain-
able (Altieri, 2004; Hoffmann, 2011; National Research Council and
National Research Council, 2010; Pretty et al., 2008; Royal Society,
2009; Tilman et al., 2002; Whitfield et al., 2015). However, many
argue that the quest for increased production may not be com
patible with the goals of sustainability (Gliessman, 2014; Godfray, 2015;
Loos et al., 2014).
The concept of ‘Sustainable Intensification’ (SI) has been posited by
some as a solution to the above challenges (Pretty, 1997; Sutherland
et al., 2015; Vanlauwe et al., 2014). It is viewed by some as a third
paradigm of global agricultural development (Islam et al., 2013; Jordan
and Davis, 2015). This paradigm is thought to represent a middle way
between, on one hand, ‘industrial agriculture’, typified by the use of
monocultures of high-yielding crops and livestock and the extensive
use of agrochemicals and farm machineries (Douthwaite et al., 2003;
International Food Policy Research Institute, 2002); and on the other
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hand, ‘alternative agriculture’, characterised by localised, small-scale
systems, based on agroecological principles and the use of minimal, or
no external inputs (Altieri, 2004; Pimentel et al., 2005; Pretty, 1995;
Raynolds, 2000; Vandermeer, 1995). Since its inception in the nineties
(Pretty, 1997), SI has attracted diverse stakeholders, including: national
governments (DEFRA SIP, 2016, 2015), policy think tanks (Foresight,
2011; Royal Society, 2009), intergovernmental organizations (FAO,
2011; World Bank et al., 2013), research institutes (Buckwell et al.,
2014; The Montpellier Panel, 2013), and transnational agribusinesses
(Syngenta foundation for sustainable agriculture, 2016).
Nevertheless, SI has become a contested concept with regard to
its precise meaning, means of implementation, and desired outcomes
(Garnett and Godfray, 2012; Mahon et al., 2017). Reviews of these de-
bates (Bernard and Lux, 2017; Campbell et al., 2014; Gliessman, 2014;
Godfray, 2015; Loos et al., 2014; Petersen and Snapp, 2015) suggest that
the most contentious aspect of SI is the sustainability dimension. Whilst
some – e.g., the UK Royal Society and the Foresight report on food
and farming – define SI as producing more from the same area of land
while reducing the environmental impacts of agriculture (Foresight,
2011; Royal Society, 2009), others express concerns that this definition
is too narrow and does not adequately address the social dimensions
of sustainability. Many civil society organisations are therefore scepti-
cal (Collins and Chandrasekaran, 2012; Cook et al., 2015). These au-
thors argue that SI favours the powerful to the detriment of smallholder
farmers and the wider public (Collins and Chandrasekaran, 2012; Cook
et al., 2015; Lewis-Brown and Lymberry, 2012). Others label SI as an
“oxymoron”, stating that intensification is not compatible with sustain-
ability (Lewis-Brown and Lymberry, 2012: 1). Similarly, a recent review
(Mahon et al., 2017) of SI indicators finds that the social dimensions are
under-represented in the global literature. Loos et al. (2014) mention
that the term SI is a misnomer, as its current productivist interpretation
does not engage with established principles of sustainability. Gliessman
(2014) concludes that there is a need for a holistic approach to SI by in-
tegrating agronomic and ecological sustainability with social, economic,
and cultural sustainability.
Despite such criticisms and expectations, there are few suggestions
as to what holistic, broad-based approaches to SI might look like and
what issues and trade-offs would arise in the adoption and operation
of such approaches. The issue of trade-offs is especially important since
sustainability itself is a highly contested term, often involving compro-
mises between its components (Ayres et al., 1998; McShane et al.,
2011). Moreover, debates about what SI should or should not be have
largely been top-down, reflecting a multitude of individual opinions. At-
tempts to contextualise such debates based on the opinions of multiple
stakeholders are rare. A bottom-up and stakeholder-sensitive approach
is important, since insights from agency-oriented sustainability transi-
tion theories (see Geels, 2010) suggest that the absence of a shared vi-
sion among key stakeholders may hamper successful transitions to sus-
tainability. This is especially true for concepts that are ambiguous and
contested, as is the case of SI.
In this paper we intend to:
• apply a holistic, systems framework to identify the indicators of SI
from the viewpoints of UK stakeholders;
• evaluate the plausibility of the indicators in terms of the commonly
established principles of sustainability; and
• identify the critical issues that may arise in the adoption and opera-
tion of the suggested indicators.
The purpose of this paper is not to recommend a particular blueprint
for SI but to raise issues and questions for dialogue among stakeholders.
2. Analytical framework and methods
In the literature, SI indicators have been considered largely based
on limited aspects of agriculture, in particular, ‘outcomes’ (Mahon et
al., 2017). Such approaches can be of limited use from a policy point
of view. Although it is important to identify expected outcomes from
agricultural systems (e.g., increased crop yield), it is equally impor-
tant to understand the processes (e.g. use of hybrid crop varieties, ap-
plication of agrochemicals, etc.) required to produce such outcomes, as
well as the conditions (e.g. soil fertility, water availability, etc.) under
which such processes may be applicable. This necessitates the develop-
ment of a holistic, systems-based approach. Such thinking is not new in
agriculture, e.g., the Farming Systems Research (FSR) approach came
to prominence in the 1970s (Bawden, 1995; McCown, 2001; Norman,
1978; Simmonds, 1985). However, agricultural systems have tradition-
ally been conceptualised as ecological systems, e.g., crop systems mod-
elling (Holzworth et al., 2014; Jones et al., 2003; Keating et al., 2003;
Stöckle et al., 2003, 2014), with little consideration of the social ele-
ments. Nevertheless, there are increasing calls for other dimensions of
to be given consideration (Prokopy et al., 2008; Willock et al., 1999b).
In order to capture UK stakeholder prescriptions of SI indicators we
conceptualised agriculture as Social-Ecological Systems (SESs) and ap-
plied an adapted version of an SES framework developed by Ostrom
and colleagues (McGinnis and Ostrom, 2014; Ostrom, 2007a,b; Ostrom,
2009; Ostrom and Cox, 2010) to guide data collection and analysis. This
framework states that the complex outcomes of SESs (e.g., sustainabil-
ity and equity) are the function of both the ecological and the human
components, and the interactions between these components (Ostrom,
2007a,b; Ostrom, 2009; Vogt et al., 2015). Although this framework was
devised primarily for the investigation of common-pool resources, e.g.,
forests and fisheries (Anderies et al., 2004; Basurto et al., 2013; Hinkel
et al., 2015; Nagendra and Ostrom, 2014), it has been applied to agricul-
tural systems as well (Halliday and Glaser, 2011; Hanspach et al., 2017;
Lescourret et al., 2015; Mahon et al., 2017).
In Ostrom’s framework, SESs are conceptualised as comprising seven
sub-systems (Fig. 1). The ‘Resource System’, e.g., a designated na-
tional park, or a demarcated fishery (Ostrom et al., 2007; Ostrom,
2009), comprises the characteristics of the SES as a whole, e.g., its pre-
dictability and location (Ostrom, 2009). It is suggested that more pre-
dictable systems are more sustainable, as users are more able to es
Fig. 1. A diagrammatic representation of the SES framework (adapted from Ostrom,
2009).
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timate how much of a resource can be extracted each year (Ostrom,
2009). The ‘Resource Units’ meanwhile are the individual variables that
make up the ‘Resource System’ (Basurto et al., 2013). These include the
biotic components (e.g., individual plants and animals), abiotic compo-
nents (e.g., the volume and flow of water within a river), and their char-
acteristics (e.g., growth rate and economic value) (Ostrom, 2009). It is
suggested that a high degree of knowledge of the Resource Units is re-
quired for sustainable harvesting (Ostrom et al., 2007). Together, these
represent the ‘ecological’ components. They set the conditions by which
agriculture operates, e.g., a farmer is constrained in what type of agri-
culture can be performed by the type (or types) of soil present, or the
presence or absence of water sources.
In addition, there are constraints and opportunities set by the so-
cial components (‘Resource users’ and ‘Governance’) of such systems
(Basurto et al., 2013). Examples may include rules in place on tech-
nologies that can be used, or property rights. The SES literature indi-
cates that if such rules are not appropriate for the ecological conditions
then long-term sustainability is unlikely to be achieved (Ostrom, 2009).’
Resource users’ include the people that use the Resource System for
commercial or recreational purposes and their socioeconomic attributes
(McGinnis and Ostrom, 2014; Ostrom, 2009). Examples of the ‘Gover-
nance’ sub-system include the constitutional rules concerning how the
Resource System can be used, as well as the organisations that manage
the Resource System (Ostrom, 2009; Ostrom and Cox, 2010).
‘Interactions’ occur between and within the above components, e.g.,
the harvesting of resources by Resource users (McGinnis and Ostrom,
2014; Ostrom, 2009). Some suggest that Ostrom’s SES framework takes
too narrow a view of ‘Interactions’ (Vogt et al., 2015) as it focuses on
interactions between social variables, with less emphasis on the interac-
tions within the ecological sub-system (Mahon et al., 2017; Vogt et al.,
2015). In order to address this we acknowledge that interactions can oc-
cur within and between all of the SES components. For example, farm
management practices such as irrigation activities are an interaction be-
tween the human and the environmental components of an agricultural
system.
The above sub-systems can be thought of as the conditions and
processes required to produce certain ‘Outcomes’. These include social
performance measures, such as efficiency and equity; ecological perfor-
mance measures, such as resilience and overharvesting; and externali-
ties to other SESs (Ostrom, 2009). In agriculture, the focus has tradi-
tionally been on optimising outcomes related to ‘provisioning services’
- the production of food, fuel, and fibre (Zhang et al., 2007). Never-
theless, the concept of ‘multifunctional agriculture’ has gained traction
(Dobbs and Pretty, 2004; Renting et al., 2009) and considers a range of
other outcomes that agriculture provides, i.e., regulating services (e.g.,
pollination, flood mitigation), supporting services (e.g., soil formation,
nutrient cycling), and cultural services (e.g. the preservation of cultural
heritage) (Dobbs and Pretty, 2004; Levrel et al., 2009; Maier et al.,
2001; Shobayashi et al., 2003). In addition, there may be ‘ecosystem
disservices’ (Ango et al., 2014). These include functions that reduce the
productivity of agriculture, or increase the cost of production, e.g., the
prevalence of crop pests (Zhang et al., 2007), as well as declines in agro-
biodiversity.
Finally, the SES of interest is conceptualised as operating within an
‘Environment’ comprising the social, political and economic settings
(Basurto et al., 2013), e.g., climate, political stability and market incen-
tives (Ostrom, 2009). For agriculture, this could include consumer food
purchasing behaviour (Food Ethics Council (Great Britain), 2007), inter-
national trade regimes (Food Ethics Council (Great Britain), 2010) and
international conventions (Wray, 2016).
Based on the above, the sustainability of agricultural systems can be
thought of as the ability of the system to continue providing the de
sired ‘outcomes’, without undermining the potential of the ‘enabling
conditions’ and ‘processes’ required to continue supplying these out-
comes (United Nations, 1987). We use the generic term ‘indicator’ to
describe these attributes, processes, and outcomes.
Data for this study were collected during 2015-16 through
semi-structured interviews with 32 purposively sampled stakeholders
from across the UK agrifood system (Table 1). The stakeholders included
those who had engaged with SI (e.g., wrote online articles, discussed SI
in organisational websites, published journal articles, participated in SI
events, and were members of SI-related organisations) and were likely
to be influenced by (e.g., farmers, input suppliers, and food retailers), or
could influence (e.g., academics, and government and non-government
organisations) the implementation of SI in the UK. The individuals were
identified via snowball sampling (Goodman, 1961), with the first inter-
viewees identified through a literature review and the successive inter-
viewees through referrals by those who had already been interviewed.
The interviews were conducted either face-to-face or via telephone,
at the stakeholders’ discretion. Informed consent were obtained from all
of the interviewees and all procedures were conducted in accordance
with relevant institutional ethical standards.
The participants were asked to suggest the indicators which they be-
lieved should be used to measure SI in the UK, the scales at which those
indicators should be measured, and whether each indicator was positive
(should increase/improve under SI) or negative (should decrease under
SI). The participants were provided with a diagram visualising agricul-
ture as an SES and were prompted to think about SI and indicators that
could be used to measure SI in consideration of the SES framework. The
interviews were audio recorded and transcribed verbatim and the data
were analysed thematically (Braun and Clarke et al., 2012) according to
the concepts outlined in the SESs framework (Fig. 1). NVIVO 10 soft-
ware (QSR International, 2012) was used for the analysis. Participant
sampling was terminated when ‘data saturation’ had been reached (see,
Fusch and Ness, 2015; Marshall, 1996; Mason, 2010, for the concept of
data saturation). The plausibility of the indicators originating from the
qualitative analysis were then evaluated in terms of the commonly es-
tablished principles of sustainability in the literature on sustainability
and sustainable agriculture.
3. The Sustainable Intensification indicators and their evaluation
3.1. Resource system
In total, ten indicators were suggested for this sub-system, four of
these were niche concerns, mentioned by less than three of the partici-
pants. As shown in Table 2, ‘Productivity of agriculture’, was the most
frequently suggested indicator. Productivity is defined as the return
from each unit of resource invested (Zepeda, 2001). Many proponents
Table 1
UK stakeholder groups interviewed in this investigation.
Stakeholder group No. of Interviewees
Academia 6
Government organisation 2
NGO (conservation) 4
NGO (agriculture) 8
NGO (animal rights) 2
NGO (sustainability) 2
Agricultural levy board 1
Advisory service provider 1
Input supplier 2
Farmer 3
Food retailer 1
Total 32
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Table 2
SI indicators suggested within the ‘Resource System’ sub-system.
Indicator name
Positive or
Negative Scale(s)
No. of
Interviewees
Stakeholder
group(s) Plausibility re: sustainability Potential trade-offs and issues
Productivity of
agriculture
Positive National 19 Mainly NGOs,
farmers, food
retailers
Economic sustainability Vaguely defined, which could
lead to confusion;
narrow focus may create
potential trade-offs with
environmental and social
sustainability
Area of land
under
agricultural
production
Negative National 10 Mainly NGOs
and farmers
Environmental sustainability
if the ‘spared’ land is used
for conservation
Intensification of remaining
agricultural land could lead
to localised potential trade-
offs with environmental
sustainability;
Unclear as to the governance
mechanisms required to
ensure this ‘spared’ land is
used for conservation
Size of farms Positive,
Negative
National 9 Mainly NGOs,
academics, food
retailers
Larger farms for economic
sustainability; small farms for
social sustainability and
potentially environmental
sustainability
Potential trade-offs between
small and large farms
Area of high
nature value
farmland
Positive National 7 Mainly NGOs Environmental and social
sustainability
Potential trade-offs with
economic sustainability
Area of irrigated
land
Unassigned Farm,
landscape
3 Mainly
agricultural
input suppliers
Economic and environmental
sustainability, but this will
depend on the technology
and water source used
Vaguely defined; potential
trade-offs with environmental
sustainability, depending on
the technology and water
source used
Length of
hedgerows per
hectare
Positive Farm 3 Mainly NGOs Environmental sustainability,
potentially social and
economic sustainability
May act as a reservoir of
agricultural pests and weeds
Degree of
habitat
connectivity
Positive Landscape 2 Academia,
Government
organisation
Environmental sustainability Niche concern
Length of
footpaths and
bridleways per
hectare
Positive Farm 2 Mainly NGOs Social sustainability Niche concern; potential
trade-offs with environmental
and economic sustainability
Number of
ponds
Positive Landscape 2 NGOs Environmental sustainability Niche concern
Presence of
ancient
monuments
Positive Farm 1 NGO Social sustainability Niche concern; potential
trade-offs with environmental
and economic sustainability
of SI (Foresight, 2011; Garnett et al., 2013; Godfray, 2015; Gunton et
al., 2016; Rockström et al., 2016; Royal Society, 2009) consider this as
a key goal of SI and this would suggest it is an outcome, rather than
a system property. However, this indicator lacked specificity, making it
difficult to definitively place it within a particular sub-system. Ostrom’s
SES framework places productivity in the Resource System (Basurto et
al., 2013; Ostrom, 2009; Ostrom and Cox, 2010) thus we have done
likewise. This lack of specificity could lead to multiple interpretations,
adding to the confusion surrounding SI. To be useful, this indicator
would need to be more specific in terms of how and what type of pro-
ductivity was being measured (e.g., labour, land etc.).
‘Area of land under agricultural production’ was considered as neg-
ative for SI. This reflects concerns surrounding the conversion of ‘nat-
ural’ ecosystems into agricultural land (Rockström et al., 2009). The
need to halt agricultural expansion has been mentioned as a key goal
of SI (Foresight, 2011; Royal Society, 2009). Thus, this indicator is
plausible for environmental sustainability, if the ‘spared’ land is used
for conservation, as has been recommended in the literature on ‘land
sparing’ (Hulme et al., 2013; Phalan et al., 2011, 2014). However, the
land sparing approach have been criticised for its productivist framing
(Fischer et al., 2014) and for dividing the ‘ecological’ and the ‘social’
worlds too sharply (Fischer et al., 2014, 2008). There have also been
questions raised as to the governance mechanisms required to ensure
this ‘spared’ land is used only for the conservation of biodiversity,
rather than converted back into agricultural land at a later date (Fischer
et al., 2014).
A confusion is evident in the way the interviewees expected the pro-
duction and conservation imperatives implied within SI to be imple-
mented. ‘Area of land under agricultural production’ was considered to
be a negative indicator. A reduction in the area under production, with-
out a resultant reduction in total production, would signal that agri-
culture is becoming more intensive, with the implication that the extra
space could be used for conservation purposes. However, the intervie-
wees also suggested ‘Area of high nature value farmland’ as a positive
indicator, which could be seen as contradicting the previous indicator,
suggesting that production and conservation would occur in the same
space.
Further tensions could be seen around ‘Farm size’. Some intervie-
wees (e.g. farmers and food retailers) considered it positive based on
the argument that larger farms can achieve economies of scale. Those
(mostly from NGOs) who suggested farm size as negative pointed to the
importance of smaller, family farms for social sustainability. Evidence
suggests that small farms support a larger number of employees per
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unit area than larger farms (Perry, 2017; Winter and Lobley, 2016), sug-
gesting that the loss of these farms would increase rural unemployment
(Davidova and Bailey, 2014). Smaller farms can also provide important
scenic attributes (Davidova and Bailey, 2014). Nevertheless, over the
past century a greater number of the UK’s small farms have been lost
compared to larger holdings (Winter and Lobley, 2016). The global lit-
erature indicates that small farms are more resource-efficient and sus-
tainable than larger farms (Altieri et al., 2012; Altieri and Toledo, 2011;
Hazell et al., 2010; Rosset et al., 2011). It would appear, therefore, that
if SI favoured larger farms, this would create trade-offs with the social,
and potentially environmental, sustainability of rural regions.
Concerns surrounding the use of water in agriculture is manifest in
‘Area under irrigated land’. Irrigation can create negative externalities,
e.g., desertification (Danfeng et al., 2006; Romm, 2011; Singh, 2009),
salinization (George et al., 1997; Kotb et al., 2000; Rozema and Flowers,
2008), and groundwater depletion (Pingali, 2012; Rodell et al., 2009;
Zeigler and Mohanty, 2010). Thus, this indicator could be considered as
counter to environmental sustainability. Nevertheless, irrigation can be
more sustainable, depending on the technology and water source used,
e.g., the use of drip irrigation (Ayars et al., 1999). Thus, this indicator
would need to be more specific in terms of the technologies and water
sources used in order for it to be meaningful.
‘Area of high nature value farmland’ and ‘Degree of habitat connec-
tivity’ were suggested at the national and landscape scales, respectively.
This suggests that although SI would have to be enacted by individu-
als on the farm scale, the environmental impact of these actions would
need to be considered cumulatively. It also suggests the need for farmer
cooperation in order for individual actions to have an aggregate impact.
Some have suggested that farmer cooperation for biodiversity conserva-
tion is hindered by the current incarnation of the EU CAP (Leventon et
al., 2017).
‘Length of hedgerows per hectare’ and ‘Number of ponds’ were men-
tioned in relation to landscape features lost during the intensification of
UK agriculture. Both hedgerows and ponds have been accorded a bio-
diversity action plan in recognition of the importance and vulnerabil-
ity of these features (UK Biodiversity Action Plan, 2008). Traditionally,
hedgerows and other field boundaries have had important agricultural
functions, e.g., delineation of land ownership, corralling and provid-
ing shelter for livestock (Marshall and Moonen, 2002; Marshall, 2004).
However, many have been removed (Marshall and Moonen, 2002). Al-
though hedges have been implicated as sources of weeds and pests, they
may still play a role in achieving sustainable agriculture, e.g., in con-
trolling soil erosion control and acting as habitats for beneficial insects
(Marshall, 2004). Furthermore, they have an ecological role, providing
refuge for biodiversity and as buffers to agrochemical drift (Carey et al.,
2008; Marshall, 2004; Ucar and Hall, 2001) and may be important in
providing habitats for game species (Carey et al., 2008; Marshall and
Moonen, 2002; Marshall, 2004). The number of rural ponds in the UK
has fallen over the past 150 years (Wood et al., 2013) and the species
richness of these ponds has decreased (Carey et al., 2008). Networks of
rural ponds have multiple benefits, e.g., as a component of flood mitiga-
tion strategies, and as an alternative to groundwater abstraction for ir-
rigation (Biggs, 2007; Sayer et al., 2013; Wood et al., 2013). Thus, both
rural ponds and hedges can be relevant to the sustainability of agricul-
ture in the UK.
‘Length of footpaths and bridleways per hectare’ and ‘Presence
of ancient monuments’ are manifestations of the social dimensions
of SI, but were niche concerns. Although a body of literature exists
on the valuation of cultural ecosystem services (Daniel et al., 2012;
Hernández-Morcillo et al., 2013; Soini and Birkeland, 2014; van Berkel
and Verburg, 2014), little has been done to integrate these dimensions
into mainstream ecosystem services assessments (Rey Benayas et al.,
2009; van Berkel and Verburg, 2014). It may be because ecosystem
services assessments focus on the economic valuation of such services
(Daniel et al., 2012) the normative nature of cultural services and the
non-material benefits they provide make quantification difficult (van
Berkel and Verburg, 2014). However, these dimensions are well dis-
cussed within the literature on sustainable rural tourism (Choi and
Sirakaya, 2006; Lee and Hsieh, 2016; Pérez et al., 2013), suggest-
ing importance to economic sustainability. Nevertheless, there may be
trade-offs. E.g., legislation in Germany prevents the afforestation of cer-
tain landscapes if the cultural value of the scenery is damaged (Schaich
et al., 2010). This could limit options for farmers to plant trees to se-
quester carbon, or to practice agroforestry techniques, potentially im-
pacting on environmental and economic sustainability. Thus, although
both indicators have implications for multiple dimensions of sustainabil-
ity, the benefits may not be equally shared and would require careful
thought about potential trade-offs.
3.2. Resource units
Fifteen ‘Resource Units’ indicators were identified, nine of which
were mentioned by three or more interviewees (Table 3). Several related
to soil properties. ‘Soil organic matter’ (SOM) was the most frequently
suggested and was considered positive for SI. Worldwide, a consequence
of intensive agriculture has been a serious decline in SOM (Bellamy et
al., 2005; Lal, 2004a; Lal et al., 2007). ‘Soil compaction’ meanwhile is
exacerbated by the use of heavy agricultural machinery (Batey, 2009;
Smith et al., 2016; Tim Chamen et al., 2015). These indicators therefore
are vital for the productivity and environmental sustainability of agri-
cultural systems.
‘Diversity of soil biota’, was mentioned by three interviewees. Soil
biota is highly complex and poorly understood (de Vries and Bardgett,
2015). However, it is important in delivering soil related ecosystem ser-
vices (Stockdale and Watson, 2012). Evidence suggest that a 1% loss
of soil biota leads to a 20% decline in agricultural yields (de Vries
and Bardgett, 2015; Graves et al., 2015). This was suggested for the
farm-scale, perhaps because soil biota is highly influenced by farm man-
agement practices (Stockdale and Watson, 2012). ‘Number of earth-
worms per meter squared’ was related to the previous indicator. Thus,
these indicators have implications for economic and environmental sus-
tainability.
The indicator ‘Farmland bird numbers’ was considered a positive in-
dicator at multiple scales. This is a well-established biodiversity indica-
tor for agricultural regions in Europe (Game and Wildlife Conservation
Trust, 2017), in recognition of the continued loss of farmland bird num-
bers (Donald et al., 2001; Inger et al., 2015). This may be a reason why
this indicator was mentioned by a relatively large number of the inter-
viewees. However, questions arise as to whether biodiversity conserva-
tion would lead to trade-offs with the intensification and economic sus-
tainability of agriculture.
‘Number of pollinators per hectare’ was suggested by 25% of the
interviewees. Insects are responsible for pollinating around 80% of
British plants (Ollerton et al., 2014; Parliamentary Office of Science
and Technology, 2010) and seventy different food crops in the UK
(Mwebaze et al., 2010; Pretty et al., 2000). The loss of these ser-
vices would cost the UK £440 million a year (Breeze et al., 2011;
Parliamentary Office of Science and Technology, 2010). Globally, ap-
proximately 35% of all food production is dependent on insect polli-
nation (Klein et al., 2007). There is, therefore, a strong economic case
for conserving pollinators. However, they are under threat (Mwebaze
et al., 2010; Ollerton et al., 2014; Parliamentary Office of Science
and Technology, 2010). An example of this concern is the debate sur-
rounding the impact of neonicotinoids on pollinators and the associ-
ated impact of banning these substances on the financial viability of
5
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Table 3
SI indicators suggested within the ‘Resource Units’ sub-system.
Indicator name
Positive or
Negative Scale(s)
No.
Interviewees
Stakeholder
group(s)
Plausibility re:
sustainability Potential trade-offs and issues
Soil organic matter Positive Farm,
national
13 NGOs, farmers,
government
organisation and
academics
Economic and
environmental
sustainability
Farmland bird
numbers
Positive Farm,
landscape,
national
11 Mainly NGOs,
academics
Environmental and
social sustainability
Potential trade-offs with
economic sustainability
Number of
pollinators per
hectare
Positive Farm,
landscape
8 Mainly NGOs, and
academics
Economic and
environmental
sustainability
Potential trade-offs with
economic sustainability
Number of
livestock units per
hectare
Positive,
Negative
Farm 6 Mainly NGOs,
farmers, food
retailers
May be relevant for
economic viability
Increased number may have
potential trade-offs with
environmental sustainability
and animal welfare
Soil compaction Positive Farm,
national
6 Mainly farmers and
NGOs
Economic and
environmental
sustainability
Diversity of soil
biota
Positive Farm 3 Academia, input
supplier, NGO
Economic and
environmental
sustainability
Highly influenced by farm
management practices
Time taken for
livestock to reach
maturity
Negative Unassigned 3 NGOs and
academics
May be relevant for
economic viability
Potential trade-offs with
animal welfare
Incidents of
livestock disease
Negative Unassigned 3 NGOs Economic viability
of farms
Unsure of scale of
measurement
Diversity of crops Positive National 3 Academia, NGOs Economic and
environmental
sustainability
Potential trade-offs with
economic viability
Depth of water
table
Positive Landscape 2 NGO, academia Environmental
sustainability
Niche concern
Incidents of
antibiotic resistant
livestock diseases
Negative Unassigned 2 NGOs Economic
sustainability of
farms
Niche concern; scale of
measurement uncertain
Number of
offspring produced
per animal per
year
Positive Farm 2 Academic, NGO Economic
sustainability
Niche concern;
potential trade-offs with
animal welfare
Number of
earthworms per
metre squared
Positive Farm 2 Farmer, NGO Economic and
environmental
sustainability
Niche concern
Incidents of
herbicide resistant
weeds
Negative National 2 NGO, farmer Economic
sustainability
Niche concern
Livestock mortality
rates
Negative Unassigned 1 NGO Animal welfare Niche concern; Uncertainty
about scale of measurement
European agriculture (Campbell, 2013; Eisenstein, 2015; Godfray et al.,
2014; Gross, 2013). Thus, this indicator is pertinent to the economic and
environmental sustainability of agriculture.
A number of indicators were related to livestock productivity and
resource use efficiency. ‘Number of livestock units per hectare’ was
suggested both as a positive and negative indicator, indicating a lack
of consensus among the interviewees. If positive (i.e. increased num-
ber per ha), then a higher stocking density might increase yields, but
could raise ethical and environmental concerns (Bilotta et al., 2007;
Lemaire et al., 2014). Conversely, if negative (i.e. extensive, outdoor
systems) a reduced number of livestock may affect economic sustain-
ability, but may be better from an ethical and environmental standpoint.
Other indicators – including ‘Livestock mortality rates’, ‘Time taken for
livestock to reach maturity’, and ‘Number of offspring produced per
animal per year’ – indicate an interest in higher productivity. These
would make economic sense, and are areas of interest to on-going live-
stock breeding programmes (Burgess and Morris, 2009). Nevertheless,
breeding livestock for the production of a single commodity and the
increasing use of newly emerging reproductive technologies may lead
to trade-offs with animal welfare (Pickett, 2010). However, selective
breeding may lead to increased livestock welfare, e.g., selecting for
traits in poultry to reduce inclination to cannibalism (Burgess and
Morris, 2009).
‘Incidents of antibiotic resistant livestock diseases’ was related to the
above concerns and is linked to the over-use of antibiotics in agriculture.
Globally, antibiotics are commonly used as prophylactic treatments and
as growth enhancers in high-density, housed livestock systems (O’Neill
Commission, 2016), which have been promoted for resource-use effi-
ciency and high yields (Godfray, 2015; Murgueitio, 1990; Tilman et
al., 2002). However, antibiotic use has been linked to the emergence
of antibiotic resistant pathogens (Cogliani et al., 2011; Garnett and
Godfray, 2012; Hughes et al., 2008; Pretty et al., 2000). It is therefore
understandable that this indicator was seen as negative. Related to this
was ‘Incidents of herbicide resistant weeds’, which was also a nega-
tive indicator. The interviewees specifically mentioned the arable weed
black-grass, Alopecurus myosuroides, which is a significant herbicide-re-
sistant weed species in Europe (Moss et al., 2007). This weed can lead
to significant yield losses (Moss, 2013), impacting the productivity and
economic viability of agriculture.
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The indicator ‘Crop diversity’ concerned agrobiodiversity, key to the
continued sustainability of agricultural systems (Hoisington et al., 1999;
Veteto, 2008). This indicator reflects a desire to remedy the impacts of
crop monocultures, e.g. the loss of traditional cultivars (Foresight, 2011;
Godfray et al., 2010; Grando and McGee, 1990; Pasam et al., 2014). Tra-
ditional cultivars provide many cultural values as well (Mahon et al.,
2016). However, concerns about the loss of agrobiodiversity are wide-
spread (Frison et al., 2011). Therefore, the indicator ‘Crop diversity’ can
be seen as relevant to all three sustainability attributes (economic, envi-
ronmental and social) of agriculture.
‘Depth of water table’ was suggested as a positive, landscape scale
indicator. This is related to the negative impacts of irrigation, e.g., de-
clining depths of water tables (Pingali, 2012; Rodell et al., 2009; Zeigler
and Mohanty, 2010), salinization of arable lands, scarcities of drinking
water, and desertification. Moreover, there are concerns about the fu-
ture availability of water due to the impacts of climate change and the
growing domestic and industrial demands (Pond et al., 2007; Water UK,
2016). Therefore, this indicator is crucial for the viability of agriculture.
3.3. Governance
Altogether, five ‘Governance’ indicators were identified, although
only two were mentioned by more than three interviewees (Table 4).
‘Presence of subsidies to encourage more environmentally sensitive
farming’ was most frequently suggested. Farmer subsidies have been
key policy instruments to encourage environmentally sustainable farm-
ing in Europe (Dobbs and Pretty, 2008; Kleijn and Sutherland, 2003;
Swetnam et al., 2004). However, there are controversies surround-
ing the effectiveness of these mechanisms (Dobbs and Pretty, 2004;
Leventon et al., 2017). On a local scale, they have been implicated in
distorting land prices, preventing marginal lands, which may be bet-
ter used for conservation, from being taken out of production (Merckx
and Pereira, 2015) and for failing to promote farmer collaboration
(Leventon et al., 2017). Moreover, although subsidised agri-environ-
mental schemes have been found to be effective at protecting exist-
ing biodiversity in extensively farmed areas, it does little in terms of
adding biodiversity to intensively farmed areas (Batáry et al., 2015;
Dobbs and Pretty, 2008; Kleijn and Sutherland, 2003). Nevertheless,
some argue that the removal of subsidies could lead to greater neg-
ative externalities, e.g., increased farm amalgamation and greater
pesticide use (Pretty et al., 2000). Environmental subsidies have also
been identified as obstacles to innovations as they create perverse incen-
tives for some farmers and discourage the uptake of highly productive
and resource efficient technologies (Rosegrant, 2003). Furthermore, the
use of subsidies by developed countries are seen by some as protection-
ist measures that distort trade and negatively affect less developed re-
gions (Merckx and Pereira, 2015; Wise, 2004).
‘Farmers’ perception of their relationship with landlord’ and ‘Num-
ber of short-term farm tenancies’ were niche concerns surrounding is-
sues of tenant farming. Although studies in Scotland (Myers et al.,
2014), and England and Wales (Ilbery et al., 2010) found farmer-land-
lord relationships to be largely positive, there were challenges concern-
ing tenant farmers’ ability to diversify their operations, with 30% of the
surveyed farmers stating that their landlords were unsupportive (Maye
et al., 2009). An interviewee expressed a similar concern, stating,
“… people who rent land on an annual basis or a short term ten-
ancy – so three to five years – they are quite sort of nervous of
putting too much improvement into that land to get better effi-
ciencies out of the animals because of at the end of the year that
land could be taken away from them and the investment they
have put into it would be gone…” (Interview 9)
These findings are relevant to SI, which may require the investment
in and use of novel technologies (Foresight, 2011; Royal Society, 2009).
Thus, although ‘Farmers’ perception of their relationship with landlord’
may not be a pressing issue, the indicator ‘Number of short-term farm
tenancies’ would appear to be much more relevant.
‘Presence of animal welfare standards’ is a context-specific con-
cern, as its interpretation is dependent on cultural norms (Szűcs et al.,
2012; Vanhonacker et al., 2008). Nevertheless, it is one of the most
contentious issues relating to SI (Garnett et al., 2013) and may be of
increasing importance as novel technologies are promoted (Godfray,
2015; Pickett, 2010). This indicator relates to the ethical dimensions
of sustainability, which some (Burford et al., 2013) view as the ‘miss-
ing’ pillar of sustainability. Animal welfare is increasingly seen as vital
for the competitiveness and profitability of food industries due to shift-
ing consumer attitudes (Carlsson et al., 2007; Napolitano et al., 2010;
Tonsor et al., 2009).
‘Ability of farmers to negotiate fair prices for what they produce’
was mentioned in relation to farmers’ relationships with supermarkets.
Table 4
SI indicators suggested within the ‘Governance’ sub-system.
Indicator name
Positive or
Negative Scale(s)
No.
Interviewees
Stakeholder
group(s)
Plausibility re:
sustainability
Potential trade-offs and
issues
Presence of subsidies to
encourage more
environmentally
sensitive farming
Positive National 7 Mainly NGOs –
agricultural and
conservation
Environmental
sustainability
Potential trade-offs with
productivity and
efficiency; impacts on
farmers in developing
countries
Number of short-term
farm tenancies (3 – 5
years)
Negative Unassigned 3 Levy board,
farmer,
government
organisation
Environmental, social
and economic
sustainability
Unsure of scale of
measurement
Farmers’ perception of
their relationship with
landlord
Unassigned Unassigned 1 Government
organisation
Environmental,
economic and social
sustainability
Niche concern
Presence of animal
welfare standards
Positive National 1 Academia Ethical/moral aspect of
sustainability, also
potentially economic
sustainability
Potential trade-offs with
intensification; niche
concern;
Highly context specific
Ability of farmers to
negotiate fair prices for
what they produce
Positive Unassigned 1 NGO
(conservation)
Economic sustainability Niche concern
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Consumer choices are increasingly mediated by a small number of large
supermarket chains (Angus et al., 2009; Renwick et al., 2012). In the
UK the four largest chains control over 50% of the market share of food
and non-alcoholic drinks (DEFRA, 2016) and exhibit an increasingly oli-
gopolistic structure (Burt and Sparks, 2003; Fearne et al., 2005), acting
as gateways between producers and consumers (Fair Trade Advocacy
Office, 2014; Fearne et al., 2005; Hingley, 2005). Supermarkets are now
developing exclusive relationships with a decreasing number of produc-
ers (Fair Trade Advocacy Office, 2014; Hingley, 2005; Burt and Sparks,
2003), creating greater opportunities for supermarkets to exercise their
power unfairly (Burt and Sparks, 2003; Hingley, 2005). This may de-
prive farmers of their due prices, reducing the economic and social sus-
tainability of agriculture.
3.4. Resource users
In total, 22 indicators were identified relating to the ‘Resource
Users’, ten of those indicators were mentioned by more than three inter-
viewees (Table 5). The interviewees suggested several economic attrib-
utes necessary for SI. However, the majority of these were infrequently
mentioned.
‘Age of farmers’ was considered to be a negative indicator for the
national level. An interviewee stated,
“… you’ve got this massively aging farming population where
you’ve got older people going out and they haven’t got sons or
daughters to carry it on – and I mean what happens to those
farms – they just get eaten up by larger neighbouring farms who
just want land … so then the scope for small producers to get go-
ing is just completely limited…” (Interview 20)
This is an important factor for the vitality of farming. Younger farm-
ers are more willing to undertake training, adopt novel technologies
and have more interest in the environment (DEFRA, 2013a; Ingram and
Kirwan, 2011; Lobley, 2010). However, agriculture in developed nations
is not attracting enough young people due, in part, to its perceived low
status (Angus et al., 2009; Ingram and Kirwan, 2011; Lobley, 2010).
In 2013 in the UK, approximately one third of farm holders were aged
over 65 years (DEFRA, 2015; Department for Environment, Food and
Rural Affairs et al., 2016). This situation is unlikely to change in the
near future, as the majority of elderly UK farmers are reluctant to re-
tire (DEFRA, 2013b; Ingram and Kirwan, 2011). The present incarna-
tion of the CAP Single Farm Payment, UK inheritance tax framework,
high start-up costs, and increasing land prices have all been implicated
(DEFRA, 2013a; Ingram and Kirwan, 2011). This restricts opportunities
for new entrants in the industry (DEFRA, 2013a). ‘Presence of a farm
succession plan’ was a related concern, in that it can be a route to re-
ducing the average age of farmers (Ingram and Kirwan, 2011; Lobley,
2010). Succession is also an indicator of the likely future direction of
a farm business (Burton and Walford, 2005; Chiswell, 2014). Farms
without a successor are less likely to be diversified, are less intensively
managed and are more likely to reduce capital investment (Chiswell,
2014; Lobley, 2010). However, succession is dependent on the current
farmer wanting to retire, which may be in doubt (Fraser, 2005). If
the process has not taken place in an efficient manner the new farmer
may be ill-equipped to run the farm, which may threaten the ability of
the farm to sustainably intensify (Burton and Walford, 2005; Chiswell,
2014; Lobley, 2010).
‘Farmer social networks’ was mentioned as a positive, farm scale in-
dicator. One interviewee stated,
“…if your farming in the future is based on individuals working
on farms that are very isolated and have very limited social con-
tact so that the social quality of life is very poor that may be less
desirable than something where there’s much stronger social cap-
ital engagement…” (Interview 5)
Increasing mechanization has been implicated in this change, with
farmers following more isolated work patterns (Gregoire, 2002). Social
isolation is a significant factor impacting on the mental and physical
health of farmers (Gregoire, 2002). Farmer social networks play a vital
role in the diffusion of knowledge and innovation, e.g., the network of
LEAF (Linking Environmental and Farming) demonstration farms. Thus,
this has implications for the social and economic sustainability of agri-
culture. Related to this was ‘Size of the national rural population’. The
interviewees discussed this in terms of ‘Least Favoured Areas’ of the UK,
where agriculture is less appealing. One interviewee stated,
“… There are environmental issues too in the marginal areas –
but I think the fundamental problem is keeping people there…”
(Interview 6)
All the indicators relating to farmers’ attitudes were unassigned in
terms of scale and whether they were positive or negative for SI. Risk
averse farmers are less likely to adopt novel technologies (Willock et
al., 1999b), which could have implications for the implementation of
SI (Foresight, 2011; Royal Society, 2009). Furthermore, positive farmer
attitudes towards nature, coupled with higher farm incomes, increases
the uptake of conservation practices (Willock et al., 1999a). Thus, these
indicators have implications for the sustainability of agriculture. How-
ever, in order to be useful they would need to be better defined.
‘Affordability of rural housing’ was a niche concern. This is an area
of attention to the UK government, with rural housing in England, on
average, more expensive than urban homes (DEFRA, 2013b). The preva-
lence of holiday homes, the non-replacement of council houses and the
significant number of low-income households in rural areas are thought
to contribute to this (Shelter et al., 2004). This is of particular concern
to agricultural workers and tenant farmers, many of whom live in hous-
ing that is tied to their work (Gregoire, 2002), impacting on the social
sustainability of rural regions (Shelter et al., 2004).
The interviewees suggested ‘Number of people in agricultural em-
ployment’ and ‘Casualization of employment in agriculture’ in relation
to employment in agriculture. The former was suggested as both pos-
itive and negative, whereas the later was unassigned. These could be
seen as counter to the previously mentioned indicator ‘Extent of farm
mechanisation’. Many interviewees voiced the concern that agriculture
had become increasingly intensive, through mechanisation, at the ex-
pense of agricultural employment. This was also seen as making agricul-
ture less ‘social’, leading to farmer loneliness and making the sector less
attractive to new entrants. The ‘Casualization of employment in agricul-
ture’ could reduce job security, leading to potential social issues, such
as greater unhappiness and isolation.
The indicator ‘Number of native language speakers’ was considered
to be a positive indicator for the national level. It was felt that the agri-
cultural industry in the UK was one of the last strongholds of traditional
cultural knowledge, e.g., the native Welsh language, thus important to
cultural and social sustainability. Globally, linguistic diversity is being
lost at a rapid rate (Whaley, 2003). Increased globalisation and develop-
ment which prioritises the maximisation of economic output have been
implicated in this (Reyes-García et al., 2013; Woodley et al., 2006).
3.5. Interactions
In total, 21 indicators were identified in the ‘Interactions’ sub-sys-
tem, 12 were mentioned by more than three interviewees (Table 6).
Three related to the volume of external inputs used in agriculture and
all were assigned as negative for SI. The need for agricultural sys
8
UN
CO
RR
EC
TE
D
PR
OO
F
N. Mahon et al. Land Use Policy xxx (2018) xxx-xxx
Table 5
SI indicators suggested within the ‘Resource Users’ sub-system.
Indicator name
Positive or
Negative Scale(s)
No.
Interviewees Stakeholder group(s)
Plausibility re:
sustainability
Potential trade-offs and
issues
Number of people
in agricultural
employment
Positive,
Negative
National 8 Mainly NGOS and
farmers
Social sustainability Potential trade-offs
with intensification and
economic sustainability
Educational level of
famers
Positive Farm,
national
7 Mainly input suppliers,
academics and
agriculture NGOs
Economic,
environmental and
social sustainability
Age of farm
infrastructure
Negative Farm,
national
5 NGOs – agriculture
and conservation, levy
board, Government
organisation
Economic sustainability
Age of farmers Negative National 5 Mainly input suppliers
and agriculture NGOs
Social sustainability,
possibly environmental
and economic
sustainability
Presence of farm
income from non-
agricultural
activities
Positive Farm 5 Mainly academia,
agricultural NGOs and
farmers
Economic sustainability
Total income from
subsidies
Negative Farm,
national
5 Mainly agricultural
NGOs and farmers
Potentially economic
sustainability
Amount of financial
capital invested in
farm
Positive Farm 4 Government
organisation, levy
board, agriculture
NGO
Would need to be
better defined – what is
the financial capital
invested in?
Size of the national
rural population
Positive National 3 NGOs and farmers Social sustainability
Farmer social
networks
Positive Farm 3 Academia Social sustainability
Farmer access to
multiple sources of
information
Positive Unassigned 3 Agriculture and
conservation NGOs
Would need to be
better defined – what
information are farmers
receiving?
Unsure of scale of
measurement
Casualization of
employment in
agriculture
Unassigned Farm,
national
2 Academics Economic sustainability Trade-off with social
sustainability
Farmer financial
savings
Positive Farm 2 Government
organisation,
conservation NGO
Economic sustainability Niche concern
Presence of farm
income from off-
farm employment
Positive Farm 2 Academia agricultural
NGO
Economic sustainability Niche concern
Number of native
language speakers
Positive National 1 Agricultural levy
board
Social sustainability Niche concern
Affordability of
rural housing
Positive National 1 Agricultural NGO Social sustainability Niche concern
Farmers’ attitudes
towards debt
Unassigned Unassigned 1 Academia Economic sustainability Niche concern
Farmers’ attitudes
towards farm
succession
Unassigned Unassigned 1 Academia Economic, social and
environmental
sustainability
Niche concern; Unsure
of scale of
measurement
Farmers’ attitudes
towards farming
and agriculture
Unassigned Unassigned 1 Academia Economic, social and
environmental
sustainability
Niche concern; Unsure
of scale of
measurement
Farmers’ attitudes
towards nature
Unassigned Unassigned 1 Academia Environmental
sustainability
Niche concern; Unsure
of scale of
measurement
Farmers’ attitudes
towards technology
Unassigned Unassigned 1 Academia Economic sustainability Niche concern ; Unsure
of scale of
measurement
Farmers’ attitudes
towards their peers
Unassigned Unassigned 1 Academia Social sustainability Niche concern ; Unsure
of scale of
measurement
Presence of a farm
succession plan
Positive Unassigned 1 Academia Social sustainability;
potentially for economic
and environmental
sustainability
Niche concern; Unsure
of scale of
measurement
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Table 6
SI indicators suggested within the ‘Interactions’ sub-system.
Indicator name
Positive or
Negative Scale(s)
No.
Interviewees Stakeholder group(s)
Plausibility re:
sustainability
Potential trade-offs and
issues
Quantity of
fertilizers used per
hectare
Negative Farm 11 Mainly, NGOs –
agriculture,
conservation,
academia, food
retailers
Environmental
sustainability;
Potentially economic
sustainability
Extent of farm
mechanisation
Positive Farm,
national
11 Mainly food retailers,
academia,
government
organisation,
agricultural NGOs
Economic
sustainability
Potential trade-offs with
social sustainability
(agricultural employment)
Quantity of crop
protection
chemicals applied
per hectare
Negative Farm 10 Mainly NGOS –
conservation,
sustainability and
agriculture
Environmental
sustainability;
Potentially economic
sustainability
Presence of
collaborative
networks of farmers
Positive Landscape 10 Mainly agricultural
NGOs
Social sustainability Would be dependent on
what the farmers are
collaborating on
Use of crop
rotations
Positive Farm 5 Mainly NGOs-
agriculture and
conservation
Environmental
sustainability
Trade-off with economic
sustainability
Presence of
interactions
between farmers
and researchers
Positive Unassigned 4 Mainly agricultural
NGOs
Would depend on what the
groups are collaborating on;
Unsure of scale of
measurement
Quantity of energy
used per farm
Negative Farm 4 Academia, input
supplier, animal
welfare NGO
Environmental
sustainability;
Potentially economic
sustainability
Trade-off with economic
sustainability if reduction in
energy use reduces yields
Number of public
engagement
activities held per
year
Positive Farm 3 Academia,
agricultural NGO,
input supplier
Social sustainability
Number of tillage
operations
Negative Farm 3 Farmer, academia,
agriculture NGO
Environmental
sustainability
Trade-off with economic
sustainability if reduction in
energy use reduces yields
Use of grain as
animal feed
Negative Unassigned 3 Mainly agriculture
NGOs
Environmental
sustainability
Potential trade-offs with
economic sustainability if
yields are reduced;
Unsure of scale of
measurement
Use of monocultures Negative Farm,
landscape
3 Farmer, conservation
NGOs
Environmental
sustainability
Potential trade-offs with
economic sustainability if
yields are reduced
Use of genetically
modified crops
Positive,
negative
Unassigned 3 Agricultural NGOs
and input suppliers
Economic and also
potentially
environmental
sustainability
Potential trade-offs with
social and ethical
sustainability
Number of retailers
to which each farm
supplies its produce
Unassigned Landscape 2 Academia,
agricultural NGO
Niche concern; Would need
to be better defined in order
to be meaningful
Use of management
practices for
waterway
conservation
Positive Landscape 2 Mainly agriculture
NGOs
Environmental
sustainability
Niche concern; potential
trade-offs with economic
sustainability if yields are
reduced
Quantity of
renewable energy
used per farm
Positive Farm 2 Agriculture NGOs Environmental
sustainability;
Potentially economic
sustainability
Niche concern
Use of agroforestry
techniques
Positive Unassigned 2 NGOs – agriculture,
animal welfare
Environmental
sustainability
Niche concern; Potential
trade-offs with economic
sustainability if yields are
reduced; Unsure of scale of
measurement
Use of grass as
animal feed
Positive Unassigned 2 Mainly agriculture
NGOs
Environmental
sustainability
Niche concern; Unsure of
scale of measurement;
Potential trade-offs with
economic sustainability if
yields are reduced
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Table 6 (Continued)
Indicator name
Positive or
Negative Scale(s)
No.
Interviewees Stakeholder group(s)
Plausibility re:
sustainability
Potential trade-offs and
issues
Use of organic
manure
Positive Unassigned 2 Farmer, agriculture
NGO
Environmental
sustainability
Niche concern; Potential
trade-offs with economic
sustainability if yields are
reduced; Unsure of scale of
measurement
Use of ‘precision
agriculture’
techniques
Positive Farm 2 Academic, agriculture
NGO
Environmental
sustainability
Niche concern
Use of housed
livestock systems
Unassigned Unassigned 1 Animal welfare NGO Social sustainability
– however this is
debated
Niche concern; Potential
trade-offs with
intensification (if negative);
Unsure of scale of
measurement
Use of loss-leader
pricing of food by
supermarkets
Negative Unassigned 1 Input supplier Trade-off with economic
sustainability;
Niche concern; Unsure of
scale of measurement
tems to reduce the use of externally-derived inputs is a key aim of SI
(e.g. Pretty, 1997). The environmental impacts of the intensive use of
external inputs are well documented (Bechmann, 2005; Dungait et al.,
2012; Neal et al., 2006; de Vries and Bardgett, 2015; Graves et al., 2015;
Ollerton et al., 2014). Externalities are not just borne by farmers, but
also the wider society (Pretty et al., 2000). Therefore, these indicators
are highly germane for environmental and social sustainability.
The indicator ‘Extent of farm mechanisation’ was assigned to the
farm and national scales. This may be germane for intensification, how-
ever, there may be trade-offs, e.g. between intensification and social sus-
tainability dimensions – such as farmer happiness and levels of rural em-
ployment –discussed in detail in Section 3.4 (Gregoire, 2002).
‘Presence of collaborative networks of farmers’, was suggested as
a positive indicator at the landscape scale. Related to this was the
‘Presence of interactions between farmers and research’, suggested as
a positive indicator but without any scale assigned. As discussed pre-
viously (Section 3.4), farmer-to-farmer and farmer-to-researcher inter-
actions are vital for improving the economic, environmental and social
sustainability of agriculture (Braun and Duveskog, 2011).
The interviewees mentioned ‘Quantity of renewable energy used per
farm’, ‘Use of grass as animal feed’, and ‘Use of organic manure’ in re-
lation to renewable inputs. Each was suggested as positive. Indicators
related to regenerative agricultural practices included the ‘Use of man-
agement practices for waterway conservation’, the ‘Use of agroforestry
techniques’, the ‘Use of crop rotations’ (which was contrasted with ‘Use
of monocultures’), and the ‘Use of precision agriculture techniques’. All
were considered to be positive, but mentioned at a variety of scales,
e.g., ‘Use of management practices for waterway conservation’ was as-
signed to the landscape scale. This is plausible since water-courses are
rarely confined to one agricultural holding. The importance of taking
a catchment scale approach is well acknowledged (DEFRA, 2013c) and
evidence suggests that this approach is successful (CSF Evidence Team,
2014). These indicators suggest that the interviewees envisage SI as not
only causing less environmental damage (Elliott et al., 2013; Foresight,
2011; Royal Society, 2009), but also benefiting the environment (Elliott
et al., 2013).
‘Use of grass as animal feed’ was mentioned in contrast to ‘Use of
grain as animal feed’. The former was considered positive, the later neg-
ative. These relate to the debates concerning the role of livestock farm-
ing in feeding an increasing global population (Garnett et al., 2013;
Garnett and Godfray, 2012; Godfray et al., 2010; Godfray, 2015). Ar-
guments exist, especially in the Third Sector, that grains used for live
stock feed could be better utilised as human food (Lewis-Brown and
Lymberry, 2012).
The indicator ‘Use of housed livestock systems’ was unassigned
regarding its positive or negative orientation and scale of measure-
ment. This is a controversial issue in the UK and has attracted con-
siderable coverage in the British press (Wasley, 2015; Wasley et al.,
2017; Wedderburn, 2017). There have been debates around the value
of ‘mega-dairies’. While the advocates mention the economic benefits,
opponents mention the welfare costs. It would seem therefore that
trade-offs between the dimensions of sustainability would need to be
considered in this respect.
The indicator ‘Number of tillage operations’ was suggested as a
negative indicator at the farm scale. This relates to the adverse im-
pact of tillage on soil erosion, soil biota, and Greenhouse Gas emissions
(Prasuhn, 2012). It has been demonstrated that it is possible to reduce
the number of tillage operations without a corresponding loss of yield
(Prasuhn, 2012) and low-tillage and no-tillage practices have gained
ground globally (Busari et al., 2015; Holland, 2004; Pittelkow et al.,
2015). This suggests that, as an indicator, ‘Number of tillage operations’
reflects a desire to increase the environmental sustainability of agricul-
ture, without a trade-off with yields – a key aim of SI.
‘Use of genetically modified crops’ was assigned as both positive and
negative. In terms of scale, it was unassigned, perhaps because this tech-
nology is not currently used in the UK (DEFRA et al., 2015). Some have
suggested that GM technologies have the potential to improve the en-
vironmental and economic sustainability of agriculture. China has been
able to substantially reduce its use of chemical pesticides via the use
of pest-resistant GM cotton varieties (Conway and Toenniessen, 1999;
Raney, 2006). However, there are concerns that the new genes added
to GM crops might escape via pollen to nearby weed species or other
un-modified plants, potentially disrupting the environment (Conway,
2000). Furthermore, there are concerns about the impact of GM tech-
nologies on social and ethical sustainability. The expansion of intellec-
tual property rights surrounding seed development has made it possi-
ble for companies to appropriate seed saving activities, reducing farmer
independence (Mascarenhas and Busch, 2006). In addition, there are
concerns that a small number of transnational agribusinesses are tak-
ing control of the world’s supply of food, resulting in huge numbers
of farmers dependent these companies for their livelihoods, threaten-
ing their economic sustainability (Conway, 2000; Strauss, 2009). This
trend is unlikely to result in equitable sharing of benefits from ad-
vances in biotechnology, and is beginning to generate public fears in
11
UN
CO
RR
EC
TE
D
PR
OO
F
N. Mahon et al. Land Use Policy xxx (2018) xxx-xxx
some countries that GM technology only benefits commercial interests
(Conway, 2000; Godfray et al., 2010).
‘Number of retailers to which each farm supplies its produce’ was
suggested for the landscape scale, but was unassigned as to whether it
was positive or negative. The interviewees mentioned this in relation
to the business relationships between farmers and large food retailers,
discussed further in Section 3.3. It is likely that both the number of
suppliers a farmer has business relationships with and the ‘fairness’ of
these relationships (Burt and Sparks, 2003; Duffy et al., 2003; Fair Trade
Advocacy Office, 2014; Friends of the Earth, 2003; Heijden and Vink,
2013; Seely, 2012) impacts sustainability (Fearne et al., 2005; Hingley,
2005). Thus, this indicator would need to be more specific in order to be
a meaningful. Related to this is ‘Use of loss-leader pricing of food by su-
permarkets’, which was unassigned according to scale, and considered
as negative for SI, which again relates to the business relationships be-
tween farmers and retailers.
‘Number of public engagement activities held per year’ was consid-
ered to be a positive, farm scale indicator and relates to social sustain-
ability. An example is the annual ‘Open Farm Sunday’ events in the UK
(Linking Environment and Farming, 2017). A lack of public knowledge
about farming has been implicated in the tensions between farmers and
the public (Wachenheim and Rathge, 2000). Such tensions could mean
that the agricultural sector does not have the public and political sup-
port to adapt to emerging challenges (Worsley et al., 2015). A survey of
visitors to farms as part of ‘Open Farm Sunday’ found that respondents
felt that their understanding of the multifunctionality of agriculture had
increased and that they were more likely to purchase British produce
and food labelled with animal welfare and environmental certification
after the visit (Hine and Pretty, 2008). Therefore, this indicator has im-
plications for multiple dimensions of sustainability.
3.6. Outcomes
Altogether, 20 indicators were suggested as relating to ‘Outcomes’,
with 17 mentioned by more than three interviewees (Table 7). ‘Yield’
was the most commonly suggested and considered to be positive for the
farm and national scales. Increased yield is widely seen as a key justifi-
cation for SI (Foresight, 2011; Pretty et al., 2010, 2011; Royal Society,
2009; World Bank et al., 2013). It is seen as a way to feed a growing
world population (Foresight, 2011; Pretty et al., 2010; Royal Society,
2009; World Bank et al., 2013), a tool to raise the incomes of rural in-
habitants and critical to avoid more land having to be converted to agri-
culture (Royal Society, 2009; World Bank et al., 2013). However, it is
controversial. Some have placed doubts on the true extent of future in-
creases in demand for food (Hunter et al., 2017), while others argue
that the cause of hunger is unequal distribution, rather than lack of pro-
duction (Sen, 1981). Raising yields without considering other aspects of
agriculture can undermine the environmental and social sustainability
of agriculture, as for example, was noticed during the Green Revolution
(Hewitt de Alcantara, 1976; Pingali, 2012; Rodell et al., 2009; Sangha,
2013; Zeigler and Mohanty, 2010).
‘Farmer income’ was suggested as a positive indicator for multiple
scales. Adequate income is the key for farmers to access new technolo-
gies, undertake better management of the farm for environmental out-
comes, and become more productive (Chikowo et al., 2014). Insufficient
farmer income has implications for the social sustainability of agricul-
ture as well (Dillon et al., 2014). However, farm income in many coun-
tries (Department of Agriculture and Rural Development, 2016; Renting
et al., 2003), is declining. Thus, farmer income is particularly pertinent.
Agriculture is a significant contributor to global ‘Greenhouse gas
(GHG) emissions’ (Johnson et al., 2007). Net GHG emissions from agri
culture continues to increase, due to demand for livestock products and
the energy demand from the increased use of irrigation and agrochem-
icals (Pachauri et al., 2015; Smith et al., 2007; Tubiello et al., 2014).
A key justification for the need for SI has been to prevent the expan-
sion of agriculture into ‘natural’ ecosystems, in part, to limit the GHG
emissions caused by the conversion of wetlands and forests (Foley et al.,
2011; Tilman et al., 2011). As such, this indicator is pertinent to en-
vironmental sustainability (Campbell et al., 2014; Royal Society, 2009;
World Bank et al., 2013). Nevertheless, it is possible that some of the
strategies may result in trade-offs, e.g., reducing the use of externally
derived inputs may reduce yields and impact on economic sustainability
(Smith et al., 2008).
Five indicators were suggested relating to agricultural pollution:
‘Concentration of crop protection chemicals in waterways’, ‘Concentra-
tion of fertilizer run-off in waterways’, ‘Concentration of slurry run-off
in waterways’, ‘Concentration of soil particulates in waterways’, and
‘Particulate matter in the air’. These are well-known environmental
externalities and are therefore crucial for environmental sustainability
(Campbell et al., 2014; Royal Society, 2009; World Bank et al., 2013).
The interviewees suggested four indicators related to resource use ef-
ficiency and intensity: ‘Energy use efficiency’, ‘Fertilizer use efficiency’,
‘Agricultural land use intensity’, and ‘Water use efficiency’. One inter-
viewee mentioned resource use efficiency as key to realising SI,
“… To me it means making better use of the resources we’ve got
– so it’s sort of – trying to increase our outputs, but doing that by
increasing perhaps the efficiency of which we use the resources
we’ve got – so making better use of water, better use of nitro-
gen…” (Interview 11)
Given worldwide decline in resources, e.g., per capita lands and
freshwater (Rockström et al., 2009, 2016), issues of efficiency seems
plausible. Enhancing resource use efficiency has been mentioned by
some (Barnes and Thomson, 2014; Petersen and Snapp, 2015; Rock-
ström et al., 2016; Struik et al., 2014) as a key aim of SI. However,
others (Food Ethics Council (Great Britain), 2012) have questioned
whether this fully embraces the concept of sustainability (Godfray,
2015), whether increasing the efficiency of resource-use can be sus-
tained into the long-term without impacting yields (Struik et al., 2014),
or whether other strategies, such as a reduction in post-consumer waste,
could be more effective at ensuring the global population is fed
(Aschemann-Witzel et al., 2015; Parfitt et al., 2010).
‘Top soil loss (tonnes per hectare per year)’ was mentioned by 25%
of the interviewees as a negative indicator at the national, landscape,
and farm scales. The importance of and the threats facing agricultural
soil resources have been discussed previously (Sections 3.2 and 3.5). Ap-
proximately 1% of the world’s top soil is lost each year due to erosion
caused by unsustainable farming practices (Horrigan et al., 2002) caus-
ing a significant financial loss (Graves et al., 2015). Thus, this is ger-
mane to both environmental and economic sustainability.
‘Volume of waste produced on farm’ was suggested as a negative,
farm scale indicator. Agricultural waste is a well-known threat to en-
vironmental, economic, and social sustainability (Aschemann-Witzel et
al., 2015; Godfray et al., 2010; Parfitt et al., 2010). However, the in-
terviewees focused on on-farm waste, whilst the bulk of the SI litera-
ture from developed countries like the UK (Food Ethics Council (Great
Britain), 2012; Garnett and Godfray, 2012) refers to ‘post-consumer’,
rather than ‘post-harvest’ waste (Godfray et al., 2010).
‘Amount of carbon sequestered on farm’ was viewed as a positive
indicator for the farm level. The loss of soil organic matter from agri-
cultural soils, due to intensive agricultural practices has contributed to
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Table 7
SI indicators suggested within the ‘Outcomes’ sub-system.
Indicator name
Positive
or
Negative Scale(s)
No.
Interviewees
Stakeholder
group(s)
Plausibility re:
sustainability Potential trade-offs and issues
Yield Positive Farm,
national
22 All stakeholder
groups
Economic
sustainability
Potential trade-offs with
environmental and social
sustainability
Farmer income Positive Farm,
national,
global
17 Mainly NGOs –
conservation,
agriculture,
academics and
farmers
Economic
sustainability
Narrow focus could lead to
potential trade-offs with
environmental sustainability
Greenhouse Gas
emissions
Negative Farm,
national
14 All stakeholder
groups
Environmental
sustainability
Potential trade-offs with economic
and social sustainability if yields
are reduced
Concentration of
fertilizer run-off in
waterways
Negative Landscape,
national
10 Mainly NGOs,
academics,
government
organisations, food
retailers
Environmental
sustainability
Potential trade-offs with economic
sustainability if yields are reduced
Water use
efficiency
Positive Farm 9 Mainly farmers,
academics, NGOs –
agriculture,
conservation
Environmental
sustainability
Unsure whether trends in
increasing resource use efficiency
can be maintained without
impacting yields
Volume of waste
produced on farm
Negative Farm 9 Mainly NGOs and
farmers
Environmental
sustainability
Top soil loss
(tonnes per hectare
per year)
Negative Farm,
landscape,
national
8 Mainly academics,
NGOs and farmers
Environmental and
economic
sustainability
Energy use
efficiency
Positive Farm 8 Mainly academics,
agriculture NGOs
Environmental and
economic
sustainability
Unsure whether trends in
increasing resource use efficiency
can be maintained without
impacting yields
Cost of production Negative Farm 7 Mainly farmers,
food retailers,
advisory service
providers
Economic
sustainability
Fertilizer use
efficiency
Positive Farm 7 Mainly agriculture
NGOs and farmers
Environmental and
economic
sustainability
Potential trade-offs with economic
sustainability if yields are
reduced; Unsure whether trends
in increasing resource use
efficiency can be maintained
without impacting yields
Concentration of
crop protection
chemicals in
waterways
Negative Landscape,
national
6 Mainly NGOs and
academics
Environmental
sustainability
Potential trade-offs with economic
sustainability if yields are reduced
Concentration of
soil particulates in
waterways
Negative Landscape 6 Mainly NGOs and
academics
Environmental
sustainability
Potential trade-offs with economic
sustainability if yields are reduced
Agricultural land
use intensity
Positive Farm,
national
6 Mainly agriculture
NGOs, input
suppliers and
academics
Economic
sustainability
Potential trade-offs with
environmental sustainability
Amount of carbon
sequestered on
farm
Positive Farm 5 Mainly academics
and NGOs
Environmental
sustainability
Potential trade-offs with economic
sustainability if yields are reduced
Concentration of
slurry run-off in
waterways
Negative Landscape 4 Academics and
NGOs
Environmental
sustainability
Potential trade-offs with economic
sustainability if yields are reduced
Farm worker
happiness
Positive Farm 3 NGO animal
welfare, input
supplier, academic
Social
sustainability
Incidents of
pesticides in food
Negative National 3 Academia, NGOs –
sustainability,
conservation
Social
sustainability
Number of visitors
to a farm
Positive Farm 2 NGOs and farmers Social and possibly
also economic
sustainability
Niche concern
Amount of
renewable energy
generated on farm
Positive Farm 1 Agriculture NGO Environmental and
possibly economic
sustainability
Niche concern; Greater detail is
needed – how is the energy
generated?
13
UN
CO
RR
EC
TE
D
PR
OO
F
N. Mahon et al. Land Use Policy xxx (2018) xxx-xxx
Table 7 (Continued)
Indicator name
Positive
or
Negative Scale(s)
No.
Interviewees
Stakeholder
group(s)
Plausibility re:
sustainability Potential trade-offs and issues
Particulate matter
in the air
Negative Unassigned 1 Academia Environmental
sustainability
Niche concern; Unsure of scale of
measurement
anthropogenic climate change, via the release of carbon stored in soils.
This has also reduced soil fertility and achievable yields (Lal, 2004b;
Lal et al., 2007). A variety of regenerative agricultural practices have
been advanced in order to halt, or reverse this process, sequester car-
bon, and maintain yields (Hutchinson et al., 2007; Johnson et al., 2007;
Lal, 2004b, 2004a; Lal et al., 2007). Thus, this indicator impacts the en-
vironmental and economic sustainability of agriculture.
‘Farm worker happiness’ was suggested by 9.4% of the interviewees.
Traditionally, farmers have been satisﬁed with farming as a job and a
way of life, due to unconstrained decision making, pleasant work sur-
roundings, and the intellectual challenge of their work (Willock et al.,
1999b). However, contemporary farming has given way to increasing
levels of stress, depression, and negativity (Fraser, 2005), due to finan-
cial worries, volatile commodity prices, increasing time pressures, bu-
reaucratic interference, and farmer isolation (Fraser, 2005; Gregoire,
2002; Willock et al., 1999b). The happiness of farm workers, especially
seasonal workers, is impacted by poor quality housing, falling wages,
lack of benefits such as sick pay, and the unpredictable availability of
work (Fraser, 2005; Gregoire, 2002). Consequently, in terms of occupa-
tional groups, farmers make up the largest number of suicides in the UK
(Gregoire, 2002). Thus, this indicator is crucial for the social sustain-
ability of agriculture.
The indicator ‘Number of visitors to a farm’ was mentioned as a pos-
itive, farm scale indicator and is related to the indicator ‘Number of
public engagement activities held per year’ discussed in Section 3.5. As
such, this indicator has implications for the social and economic sustain-
ability of agriculture.
‘Amount of renewable energy generated on farm’ was considered to
be positive for SI. On-farm renewable energy (OFRE) projects are seen
as a key route towards achieving SI in the UK and the multifunctionality
of agriculture (Mbzibain et al., 2013). Nevertheless, there are issues sur-
rounding certain types of OFRE projects, e.g. the cultivation of biofuel
crops (Lovett et al., 2009). It is also argued that energy crop cultivation
could reduce land available for food production undermining food se-
curity (Tenenbaum, 2008). Energy crops could also undermine the aes-
thetic quality of certain landscapes (Lovett et al., 2009). Thus, in order
to be meaningful, this indicator needs to consider how the OFRE is pro-
duced.
3.7. Environment
In total, 17 indicators were identified in relation to the ‘Environ-
ment’ sub-system, seven were mentioned by more than three inter-
viewees (Table 8). Several indicators related to factor market trends:
‘Farmer access to credit’, ‘Trends in agricultural output prices’, ‘Trends
in agricultural input prices’, and ‘Trends in land prices’. The first two
were considered as positive, the latter two as negative. Land prices are
a particular issue in the UK (Angus et al., 2009), limiting opportunities
for farmers to expand their enterprises and creating significant barriers
for new entrants (Angus et al., 2009). In less economically developed
regions, the high prices of agrochemicals and hybrid seed varieties of-
ten limit achievable yields, perpetuating food insecurity and exacerbat-
ing poverty. In these contexts, access to credit can allow farmers to pur-
chase necessary inputs (Dorward and Chirwa, 2011), suggesting its im-
portance to economic sustainability.
‘Competitiveness of UK agriculture’ was seen as positive for SI. The
interviewees believed that although the market was a driving force be-
hind agriculture, British agriculture was not as competitive as it could
be, impacting on its economic sustainability. The interviewees men-
tioned that poorly targeted subsidies from the EU prevented farmers
from reacting to market forces. One stakeholder stated,
“…The driving force behind UK agriculture is the market – what
is the demand for our products – but what actually drives it is
the farmers themselves – in terms of how they react to that and
I don’t necessarily think that we’ve been that good at reacting to
market forces which has been as a result of years of non-market
forces focused subsides …” (Interview 7)
‘Frequency of extreme weather events’ was suggested as a nega-
tive indicator for SI; however, it was unassigned in terms of scale.
Extreme weather events are exacerbated by climate change (Powell
and Reinhard, 2016) and are predicted to have a net negative im-
pact on global agricultural yields (Powell and Reinhard, 2016), e.g.,
changing the patterns and distributions of crop pests (Anyamba et al.,
2014). These events increase the volatility of food and commodity prices
(Anyamba et al., 2014) and impact upon the livelihoods and food se-
curity of smallholder farmers (Shannon and Motha, 2015; Swaminathan
and Rengalakshmi, 2016). Thus this indicator has relevance for the eco-
nomic and social sustainability of agriculture.
The interviewees suggested a number of indicators related to con-
sumers: ‘Consumer preference for high welfare livestock products’,
‘Consumer preference for uniform fruits and vegetables’, and ‘Consumer
preference for cheaper food’. All were unassigned according to scale,
with the first three considered as negative and the fourth positive. The
role of the public was also mentioned in ‘Public perception of agricul-
ture’, suggested as a positive indicator. SI, as it is currently interpreted,
has been criticised by NGOs and others for focusing too tightly on pro-
duction-based concerns, ignoring the impact that changing consumer
demands could have on food availability (Cook et al., 2015; Food Ethics
Council (Great Britain), 2012; Garnett and Godfray, 2012; Lewis-Brown
and Lymberry, 2012). Thus, these indicators are pertinent to the more
holistic interpretation of SI, which would go some way towards address-
ing some of these concerns.
‘The price of food in supermarkets’ was mentioned as both negative
and positive. In justifying the need to lower food prices an interviewee
stated,
“…the affordability of food is just absolutely critical to the whole
argument – and this is not just the UK but globally…” (Interview
13)
It is noteworthy that the interviewees stressed the importance of
‘affordable’ rather than ‘cheap’ food, the latter being a phrase that
could have negative connotations. This is related to other factors. For
instance, intensive, housed livestock systems could produce cheaper
more plentiful animal protein than extensive, outdoor systems. This
suggests a potential trade-off between production-based concerns and
ethical concerns (Lewis-Brown and Lymberry, 2012). Some intervie-
wees were concerned about food becoming too cheap and believed
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Table 8
SI indicators suggested within the ‘Environment’ sub-system.
Indicator name
Positive or
Negative Scale(s)
No.
Interviewees Stakeholder group(s)
Plausibility re:
sustainability
Potential trade-offs and
issues
Trends in agricultural
output prices
Negative Unassigned 9 Mainly academics
and input suppliers
Economic
sustainability if
output prices aren’t
subsequently lowered
Unsure of scale of
measurement, potential
trade-off with social
sustainability if output
prices lower
Competitiveness of
UK agriculture
Positive Global 7 Mainly NGOs,
farmers, food
retailers
Economic
sustainability
The price of food in
supermarkets
Negative,
Positive
National 6 Mainly farmers, food
retailers, NGOs –
agriculture and
animal welfare
Social sustainability Potential trade-offs with
environmental
sustainability and livestock
welfare
Frequency of extreme
weather events
Negative Unassigned 5 Food retailer,
government
organisation, NGOs,
advisory service
providers
Unsure of scale of
measurement, negatively
impacts the economic and
social sustainability of
agriculture
Public perception of
agriculture
Positive Landscape,
national
4 Farmer, NGO,
academia, input
supplier
Social sustainability
Consumer preference
for cheaper food
Negative Unassigned 3 Farmers and NGOs Economic
sustainability
Unsure of scale of
measurement
Consumer preference
for high welfare
livestock products
Positive Unassigned 3 NGOs and academia Social sustainability Unsure of scale of
measurement
Monitoring of water
quality by the
Environment Agency
Positive National 2 NGO, advisory
service provider
Environmental
sustainability
Niche concern
Presence of national
polices on
biodiversity
Positive National 2 NGO, academia Environmental
sustainability
Niche concern
Presence of
international polices
on climate change
Positive Global 2 NGO, academia Environmental
sustainability
Niche concern
Trends in land prices Negative Unassigned 2 Input supplier,
farmer
Niche concern
Trends in agricultural
input prices
Negative Global 2 Food retailer and
advisory service
provider
Niche concern
Farmer access to
credit
Positive Unassigned 2 Levy board,
government
organisation
Economic
sustainability
Niche concern; Unsure of
scale of measurement
Amount of funding
for agri-research
Positive Unassigned 1 Agricultural levy
board
Niche concern; Unsure of
scale of measurement
Consumer preferences
for uniform fruits and
vegetables
Negative Unassigned 1 Farmer Potential trade-off with
economic and
environmental
sustainability;
Niche concern; Unsure of
scale of measurement
Presence of national
polices on climate
change
Positive National 1 Academia Environmental
sustainability
Niche concern
Presence of national
polices on water
quality
Positive National 1 Academia Environmental
sustainability
Niche concern
that the price of food would need to be considered in conjunction with
the negative externalities caused by agriculture.
A number of indicators were suggested in relation to national and in-
ternational policies. These indicators may have been suggested in recog-
nition of the fact that tackling some large scale challenges, e.g., climate
change would require government interventions. This may be because
these factors affect the wider society and therefore do not generate pri-
vate incentives for producers to change their behaviour (Pretty et al.,
2000).
‘Amount of funding for agri-research’ was considered to be posi-
tive for SI. Some authors have suggested research and development to
be key to achieving SI (Foresight, 2011; Royal Society, 2009). How-
ever, the sustainability implications would depend on the direction of
the research. For example, the UK government’s ‘Agritech Strategy’ (UK
Government, 2017, 2013) funds four ‘innovations centres’, one of which
focuses on facilitating SI in the UK (Agrimetrics, 2017). However, it
would appear that these centres are taking a productivist approach,
which could impact on sustainability (UK Government, 2013).
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4. Conclusions and implications
In this investigation we applied a holistic, systems framework to
identify the indicators of SI from the viewpoints of UK stakeholders,
evaluate the plausibility of these indicators in terms of commonly ac-
cepted principles of sustainability, and identify the critical issues that
may arise in their the adoption and operation. The purpose of this paper
is not to recommend any particular blueprint of SI, but instead, to raise
issues and questions for future dialogue.
The UK stakeholders interviewed suggested a large number (110 in
total) of potential SI indicators. All seemed plausible for sustainabil-
ity, either economic, environmental or social, or a combination of these
attributes. These covered the desired outcomes of SI, as well as the
processes (interventions) and enabling conditions required to achieve
these outcomes. Previously, an ‘anything goes’ approach to achieving SI
has been promoted by some (e.g., Garnett and Godfray, 2012), although
this has been criticised by actors in the Third Sector (e.g., Collins and
Chandrasekaran, 2012). Our work advances the SI debate, as we have
begun to identify some of the practices and enabling conditions needed
to achieve SI. Examples of SI practices include, the application of agro-
forestry techniques, the use of organic manures and precision agricul-
ture techniques. Examples of enabling conditions include, public per-
ception of agriculture, competitiveness of UK agriculture and trends in
agricultural output prices. We believe this holistic framework of indica-
tors, underpinned by systems thinking, can be a starting point for future,
constructive dialogue. The indicator framework, however, raises several
critical issues for further dialogue.
One such issue is that the most frequently suggested indicators
skewed towards consideration of the processes, enabling conditions, and
outcomes required to increase or maintain agricultural production. Ex-
amples of such process indicators included a combination of agroeco-
logical practices – such as the ‘Use of crop rotations’ – and high-tech
solutions – such as the ‘Use of genetically modified crops’. Examples
of the indicators related to enabling conditions included the ‘Presence
of national polices on biodiversity’. Those related to outcomes included
‘Yield’ and ‘Cost of production’. This resonates with the definition of
SI provided by influential actors such as the UK Royal Society and the
Foresight report (Foresight, 2011; Royal Society, 2009). Nevertheless,
the question remains as to why increased agricultural production is
needed in an affluent country, such as the UK, when so much is wasted
(Aschemann-Witzel et al., 2015; Parfitt et al., 2010). Is this needed to
feed a growing global population? Or, in order to limit global agricul-
tural expansion into ‘natural’ environments, e.g., tropical rainforests?
How will increasing the volume of food produced in the UK achieve
these goals?
In addition, the social, and especially the cultural and ethical di-
mensions, which some (Burford et al., 2013; Soini and Birkeland, 2014)
have suggested as an emerging fourth pillar of sustainability, although
recognised, were mentioned by only a few stakeholders. For example,
the indicators relating to livestock welfare were, for the most part,
suggested by the NGO interviewees only. Furthermore, even though
agriculture is a powerful cultural force and has played a key role in
the development of many traditions and beliefs (OECD, 2009), indica-
tors related to these dimensions of agriculture, e.g., religious customs
about the extraction of resources from the environment (Parajuli, 2016),
or rules surrounding the agricultural technologies that are permissible
(Peterson, 2016), were not mentioned by the participants. Similar de-
ficiencies can be noted relating to gender issues and the need for fair
pay both for farmer workers in the UK and those participating in inter-
national supply chains. These issues are currently of prominence in the
literature on the sustainability of international supply chains (Canfora,
2016; Hutchins and Sutherland, 2008; Kirwan et al., 2017; Kummu et
al., 2012) and therefore it is surprising that they were not accorded
more prominence in this investigation. In addition, issues of power and
governance within agriculture were poorly represented.
This raises a number of questions. Is it appropriate to continue dis-
cussing the concept as Sustainable Intensification, when it does not place
equal emphasis on all three pillars of sustainability? Organisations such
as the UN,⁠1 World Bank⁠2 and OECD⁠3 all conceptualise sustainability as
comprising three equal pillars and yet this is not how the sustainabil-
ity in SI has been interpreted by the interviewees in this investigation.
If this is the case, would it then be more appropriate to rename the
concept of SI (Godfray, 2015) potentially as ‘Ecological Intensification’,
as has been suggested by some (Struik et al., 2014; Tittonell, 2014) in
recognition of the focus of the current interpretations of SI on the envi-
ronmental performance of agriculture?
Even with an agro-ecological framing, questions remain as to what
forms of ecological intensification are desired. The emphasis accorded
by the interviewees on environment and economic dimensions resemble
the arguments underpinning the ‘Ecological Modernisation’ (EM) school
of thought (Hajer, 1995; Jänicke, 2008; Mol and Spaargaren, 2000; Mol,
2001) regarding the vision of economic growth in postmodern, indus-
trial societies, such as the UK. In agriculture, EM manifests itself as a be-
lief that modernism, which birthed the Green Revolution, can be turned
back on itself, through the application of additional technologies, in or-
der to address the various environmental problems that it has caused
(Horlings and Marsden, 2011; Marsden, 2012). Examples of EM in prac-
tice include, the use of novel forms of renewable energy, increased effi-
ciency as a pollution abatement and waste reduction strategy (Jänicke,
2008), and the production of ‘environmentally friendly’ goods and ser-
vices (Dryzek, 1997). These innovations are believed to be driven by
the interplay between government policy on one hand, and the greater
awareness of the risk that environmental damage presents to corporate
interests on the other (Jänicke, 2008). Nevertheless, some argue that
the EM perspective is too ‘top-down’ in its approach, overly focused
on the European context, and is used to repackage ‘business-as-usual’
capitalism. In short, it is just another type of ‘green-washing’, a criti-
cism that has also been levelled at SI, for similar reasons (Collins and
Chandrasekaran, 2012; Cook et al., 2015; Lewis-Brown and Lymberry,
2012). There is a suggestion that weak interpretations of the EM pre-
dominate, and that these fail to address underlying structural issues,
such as, a lack of social justice. The weaker version of EM has mani-
fest in agriculture as gains in terms of environmental sustainability, but
also negatively as unintended social and cultural consequences. For ex-
ample, the loss of agricultural employment, the marginalisation of tra-
ditional farming techniques, and the loss of farmer autonomy as supply
chains become longer and more international (Horlings and Marsden,
2011). In contrast, stronger forms of EM have been suggested by focus-
ing more on the structural changes and participatory processes required
in order to effect lasting change (Christoff, 1996; Hajer, 1993; Horlings
and Marsden, 2011).
Is it therefore possible for the meaning of ‘sustainability’ within
the concept of SI to be considered in a context-specific manner, with
the weighting of the different dimensions varying according to where
SI is adopted? The interviewees in this investigation comprised UK
stakeholders, expressing UK-centric opinions. Can the stakeholders’ in-
terpretation of SI manifest in this research – focusing more on pro-
duction-based concerns and environmental sustainability – be accept-
able in all contexts? It can be argued that many of the social con
1 See: http://www.un.org/sustainabledevelopment/development-agenda/.
2 See: http://www.worldbank.org/en/topic/sustainabledevelopment/overview.
3 See: http://www.oecd.org/greengrowth/46530443.pdf.
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cerns surrounding agriculture are, although present in the UK, not as
severe as in other countries, due to strong governance and welfare sys-
tems. Thus, in other countries and at other times, the interpretation of
SI may be different. For example, social sustainability may take on more
emphasis in countries with a high incidence of hunger and inequality. In
these contexts environmental considerations may be perceived as a lux-
ury, and accorded less consideration. In such a context will it then be ap-
propriate for SI to aspire more for social sustainability goals rather than
environmental, which has been a value predominant in post-modern in-
dustrialised nations (Abramson and Inglehart, 1992; Inglehart, 1990).
In addition to a skewed emphasis on the different attributes of sus-
tainability, several other issues regarding SI indicators can be identified.
Firstly, there were missing indicators, e.g. although the use of GMOs
was suggested as an indicator, the regulatory frameworks required to
make GM technologies implementable were not suggested. This is an
important issue as the commercial application of GMOs in Europe is
constrained by EU regulations. Secondly, a number of SI indicators were
vaguely-defined making it difficult to ascertain which aspects of sustain-
ability they could be plausible for, e.g., ‘Access to multiple sources of
information’. If this information could be used to increase yields, then
it could be plausible for economic sustainability (possibly renamed as
‘Access to multiple sources of information on how to increase yields’).
However, if this information could be used to help farmers reduce their
environmental footprint, then it could instead be plausible for environ-
mental sustainability (possibly renamed as ‘Access to multiple sources
of information on environmental protection’). Consequently, these two
newly defined indicators could lead to trade-offs, as increasing yields
through intensification may not be compatible with increased environ-
mental protection. Another example is ‘Amount of financial capital in-
vested in farm’. Where exactly the farmer invests capital will change the
aspect of sustainability this indicator could be relevant for. A final exam-
ple is the indicator ‘Productivity’. This was mentioned by a large num-
ber of stakeholders as something that should increase under SI. How-
ever, the increase in productivity could be in terms of land, labour,
livestock feed, or an aggregate measure (e.g., total factor productivity).
These could lead to trade-offs, e.g., increased labour productivity could
lead to reductions in agricultural employment (a threat to social sustain-
ability) and the uptake of intensive agricultural practices could impact
on environmental sustainability. It is likely that if such vagueness is not
addressed it will continue to fuel the disagreements and confusions sur-
rounding SI.
Thirdly, numerous trade-offs emerged as an important issue. In ad-
dition to the above examples, several other trade-offs can be identified.
Examples include the extent of agricultural mechanisation versus agri-
cultural employment. The stakeholders discussed this in the context of
the degradation of the social fabric of rural areas as agricultural regions
depopulate, versus the need to produce greater quantities of food, more
quickly and cheaply through the use of mechanisation. That the for-
mer was more frequently mentioned than the later would seem to sug-
gest that production-based concerns were considered more important,
suggesting a willingness to pursue production to the detriment of some
of the sustainability dimensions. The size of farms was another area of
contention. The stakeholders could not agree whether bigger was in-
deed ‘better’, or whether small farms, which are considered vital for
the social sustainability, still have a role to play. Trade-offs were also
apparent when the interviewees considered the pros and cons of inten-
sive, housed livestock systems. As discussed previously, there are finan-
cial, environmental, and ethical considerations on both sides of this de-
bate. This raises a further question for consideration. Is it even feasi-
ble for all the dimensions of sustainability to be achieved equally and
concurrently? The myriad of trade-offs that seem to be inherent among
the various dimensions of sustainability suggest that choices may need
to be made as to what kind of sustainability can practically be pursued.
The foregoing discussions reinforce the main argument that we have
put forward at the beginning of this paper, that is, the need for con-
tinued, constructive dialogue between all the stakeholders concerned in
order to develop a shared vision of SI. As shown, there are considerable
differences in the way SI is interpreted by different stakeholder groups.
Whilst, for example, stakeholders from the food industry and those iden-
tified as input suppliers placed an emphasis on economic considerations
– such as the cost of production and the use of loss leader pricing by
food retailers –, those from NGOs identified some unique indicators –
such as the value of small family farms and sites of cultural and histori-
cal importance to the social sustainability of agriculture. As such, a blue-
print of SI based on a top-down approach, that relies only on the opin-
ion of ‘experts’ is unlikely to result in acceptance and consensus while
continuing to generate more confusion and scepticism. We suggest that
in order to find the common ground between these various points of
view, multi-stakeholder dialogue is necessary by taking into account the
aforementioned questions.
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